Thermal Decor

|. Thermogravimetri

Introduction

Preliminary investigation of chem-

ical additives that modify the burn-
"ing of tobacco indicated a need for
studying the controlled thermal de-
composition of both treated and un-
treated tobacco. ‘For this purpose
thermogravimetric analysis has been
employed. Initially a study was made
of untreated tobacco to obtain data
which could be uséd to provide a
basis for. evaluating the effect of
these chemical additives. Four to-
bacco types and two blends of these
tobaccos have been investigated.
Although considerable data have
been reported on the thermogravi-
metric analysis of natural products,
comparatively little information ap-
pears in the literature on the ther-
mogravimetric analysis of tobaceo.
In one report weight losses of dif-
ferent tobacco types were discussed
in terms of their aroma and com-
bustion (8). In this study ground
samples were used, and the thermo-
gravimetrie analyses ‘were -carried
out. in static air. In a more recent
paper Edmonds et al. (2) studied the
thermolysis of ground samples of un-
aged, aged and heat-treated tobaccos
in both dynamic air and nitrogen.
From the results they were able to
characterize the three tobaccos. In
another study Kato et ¢l (6) investi-
gated the stems from three Japanese
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tobaccos and discussed the relation-
ship between certain stem constitu-
ents and “the thermograms.

In the foregoing
grounq tobacco was used, and differ-
ent operatmg condltlons were em-
ployed To determine the eﬁect of

these ‘operatmg conditions on  the

thermal decomposmon of tobacco
this present study included an in-
vestlgﬁltlon of some of these param-
eters,
(1) okldatlve vs. inert atmosphere,
(2) lew vs. rapid heating rate, (3)
ground and packed vs. shredded to-
bacco.

Experil"r‘\eh'l'al

Aminco -Thermograv No. 4-
4430 vllas used for the thermogravi-
metuc‘ analyses®.  Both  shredded
and gxound samples of flue-cured,
burley, Maryland and Turkish to-
baccos; and. two blends of these to-
baccos were investigated. The blends
conswfed of 40% flue-cured, 35%
burley{ 5% Maryland and 20% Turk-
ish; and 60% flue-cured, 35% burley
and 5% Maryland tobaccos.
shredded tobacco and tobacco  for
the grpund samples were taken from
unfiltered, 85 mm long cigarettes

manu actured on commercial ma-

chmes} ‘Approximately 95% of. the
glound samples passed a 35-mesh
scree
weren]equlhbrated at 60% relative
humidity and 25°C.. Sample sizes
ranged from 122 to 125 mg. Ther-
mal decompositions were determined
in Cod)rs #000 porcelain crucibles in

both air and helium having ﬁow rates

‘of 20 ml per: mmute Heatmg rates
of 3 and 15°C per minute were used.

investigations

The conditions studied were:.

The.

Prior to analysis all samples

was- 1ncreased ‘at. & line
1ecord1ng the chang‘
a function of the ‘te
cause of the ’nat
complex1ty of its ‘th
sition, it was difficult ta
thermograwmetnc‘ Curv

whlch are perhaps ]
particular tobacco, wer

curves. It should' l'
maximum dlfference‘b ‘



the complex pfoc-
th combustlon and

] . to provide a" basis for

; uatmg ‘the effect of “chemical
.modifiers” on the thermal decompo-
‘sition of tobacco.

‘Thermal Decomposition in Air-Heating
‘Rate It °C Per Minute

“The thermograwmetrlc curves

';(TGA) “and derivative thermogravi-

‘metric.  (DTG). curves  for . the
‘jshredded ‘tobacco - samples were di-
‘vided ‘into five zones in which there
were  characteristic dw/dt maxima
(Figures 1, 2). The zones were:
Zone 1. (25 150° C) Zone II (150-
210° C), Zone III (210-350°C), Zone
IV (850-550G°) and Zone V (550-
800°C). To ‘compare the course of
thermal decomposition for the dif-
ferent types:and blends of tobaccos
\each*‘,ZOne will he discussed: separate-

me I (25-150°C). The maximum
dt in this zone occurred: between
: nd 80°C and has been attributed
to the. volatlhzatlon -of adsorbed wa-
ter :and low boiling constltuents (2).
‘To assess the effect of water on the
percent weight loss and dw/dt with-
in this zone a sample of - shredded
_burley tobacco was' desiccated over
caleium chloride. The DTG curve
obtalned was quite similar to that
of the non-desiccated sample except
for a marked decrease of over 60%
in ‘the dw/dt at 62°C and a 50%
decrease in the weight loss from 25-
1 50°C. When the desiccated sample
rehumldlﬁed -the -derivative
urve . was. quahtatlvely similar to
that of the non-desiccated sample. It
1l refore appears that a consider-
able portlon “of ithe Welght loss in
thls ‘zone -is: due to the-loss of ad-
sorbed water. ;

Zone I (150—210°C) “As shown by

the. derlvatlve curves - for the four
tobacco types” (Figures 1, 2), only
the ﬂue—cured and: Turkish tobaccos
exhibited a s1gn1ﬁcant Welght loss
within this zone. The maximum
dw/dt for both types ‘exceeded 0.1
mg/°C. ' Although - Maryland and

ley to: accos also exhlblted some -
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Fig. I. Derivative thermograms of Maryland and burley tobaccos in air at 15°/min.

blends . (Figure 3).

In an earlier report (8) the in-
creasing weight losses for ground
Maryland, burley, = flue-cured and
Turkish tobaccos over the tempera-
ture range of 135-150°C to 225-
230°C were attributed to the degree
of aromaticity of these tobaccos.
Using differential thermal analysis,
workers have attributed weight loss-
es in this zone to the loss of hydrated
water (2). Results obtained in this
study are in agreement with these
findings. Loss of weight in this zone
is thought to be due primarily to
volatilization and/or pyrolysis since
no significant difference in weight

loss occurred when the samples were
run in both air and hehum (Table
1).

Zone III _(210-350 C). This is
the first zone in which  all of
the tobacco types exhibited a
considerable weight loss (Table
1). The derivative curves show sig-
nificantly greater dw/dt maxima for
the burley and Maryland tobaccos
than. for either the flue-cured or
Turkish tobaccos (Figures 1, 2).
This difference appears to be char-
acteristic of the burley and Mary-
land tobaccos as compared to the flue-
cured and Turkish tobaccos (8). For
both the burley and Maryland to-
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Fig. 3. Derivative thermograms of blended tobaccos in a}r at 15°/min.
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Fig. 4. Derivative thermograms of fobacco types in he'lum at 15°/min. FEach division = 0.

Table 1. Percent weight loss for toba

#co types and blends at a

heating rate of 15°C per minute

Zone 1 | E [ ‘
°C 25-150 . 150-210 = 210-350
AIR
Burley 95 35 33.5
Maryland .5 3.5 35.5
Turkish 8.5 7.0 275
Flue-cured 155 6.5 29.5
FBMT* 10.5 45 32.0
FBM** 12.5 55 290
HELIUM
Burley 10.5 2.0 -27.0
“Maryland 85 25 26.0.

v \ \
350-550°  550-800 - Total
30.0 35 79.0
34.5 3.0 89.5
35.0. 25 80.0
34.0 15 86.5
36.5 3.5 87.0
35.0° 2.0 84.0
7.5 66.5
55 68.0
4.5 64.5
4.0 70.0
4.5 62‘5
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Fig. 5. Derivative fhermograms of tobacco blends in hehum at 3°/min. {botfom) and 15°/min.

(top).

Heating Rate

The effect or the heating rate on
thermal degradations has been re-

viewed (4, 5) and should be appli- -

cable to the thermal degradation of
tobacco. The derivative curves for

~the types and blends of tobaccos
“heated at 3 and 15°C per minute for
Zones 1, II, III and V are generally
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quite similar (Figure 6). At the
lower heating rate the maxima of
the DTG curves in these zones are

25-50°C lower than at the higher

heating rate. This could be due to
a smaller temperature difference
within the sample. At the lower
: heatlng' rate the sample temperature
is more uniform, and there will be
less overlap between specific pyro-
lytic or oxidative reactions than at
the higher heating rate. There
would also be better diffusion of
the products formed at the lower
heating rate which would allow

more air to reach the sample (4)..

Also, there would be a smaller tem-
perature difference between the
sample and the sample thermocou-
ple at the lower heating rate. This
would result in a lower temperature
at which the dw/dt maxima occurs.

The rate of heating had a marked-

effect: on the derivative curve’ in
,Zone Iv (Flgure 6). In this zone,
once the minimum temperature for
71gn1t10n of  _the tobacco was at-
tained; self—supportmg oxidation
took place When this-occurred dw/
’as no longer as dependent upon

heating rates. The derivative curves
show that at a heating rate of 3°C

per m‘fmute the maximum rate of
loss in Zone IV was con--

weigh
siderably higher and reached a

mimmhm at a: lower temperature -

than at a heating rate of 15°C per
minute. These differences may be
due to}a difference in the amount of
air reachmg the samples as a result
of the different heating rates. For
the higher heating rate, evolution

of larée quantities of gas from the

sample may exclude air and result
in a lower maximum rate of weight
loss.
of weight loss becomes dependent
upon the amount of air- reaching
the sample. This results in a small-

. er rate of weight loss.over a broader

temperature range for the higher
rate of heating (4). At both heating
rates ihe decreasing order of dw/dt
for th

Maryland > burley > flue-cured
> Turkish. This is in agreement
" with the- observed ‘burning rate of
¢these tobaccos

icked Tob',ac,c‘:e’

hen this takes place the rate

‘,t,obacco types in Zone IV was

and 1ncreased surface area
~ground tobacco.
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\'nd T pyrolysus In Zone III (210-
)°C) all tobacco types exhibited

.'d siémﬁcantly greater weight
in- the ﬂue;cured and Turk-

D obably due to volatlhzatlon,
: and ox1dat1ve volatlhza-

3 -550°C) s attrlbuted pri-
‘to‘_ox1da,tlon since the rapid

Were fthermally decomposed
did not occur in helium. In

; ; i temperature of ap-
] 1mately_410°C Welght loss in
Zone V (550-800°C) accounted for
only ‘about 2-5 percent of the total
: t Ioss As similar weight losses

1ys1s is thought to be the predomi-
ant process taking place.

~When the samples were run in
hehum loss of weight in Zones I,
IIand V were comparable to those of
samples run in air. Zone III (210-

mparison of .

zone .self-supporting oxidation

red in both air and helium py- -

350°C) was*f“the,most characteristic

percent less than that in air, sub-
stantlatlng that the reactions occur-
ring in this zone in air are in large

- part due to oxidation. The derivative
‘curves for the types and blends of

tobaccos heated at 3° and 15°C per

‘minute: for Zones I, II, II and V

were quite s1m11ar At the lower heat-
ing rate the max1ma of the derivative
curves in these zones were 25-50°C

lower than at the higher: heating:

rate. InZone IV the rate of heating
had a marked effect on the derivative
curve. At a heatmg rate of 38°C
per mlnute ‘the ‘maximum rate
of weight loss was consider-

‘ably higher and reached a mini-

mum at a lower temperature than at
a heating rate.of 15°C per minute.
The DTG curves for ground samples
run in air showed the largest weight
loss in Zone IIT. For these samples
the maximum rate of weight loss in
Zone III. was about three times
greater, and in Zone IV was about
two-thirds less, than that for the

‘shredded samples. ‘As the derivative -
curves for ground and shredded bur-

ley samples run in helium were quite
similar, the mode of thermal decom-
position in the inert atmosphere is
thought to be essentially independent
of the physical state of the tobacco.
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